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^ffl*?8 


fe*!l3£#=f$ 3 M 21 Iff pftffljff& 0 3? 



157)1999 

m, & HAz^&Rm&«r#&ttk#*r£4>:*> 

950MPafc>ife#3S£ API xl00) e fHtt 

C-Sf Mn-Ni-Mo-Nb-jSfi Ti £ 
*h»i8fm&&tt«l^W B, Cu, CrJtV, 

/ JURfrK. 20~90%&*#tefi£fl*)lfcSE(«*B 
&*#+fe«50~100%fc>«& 

-*Mia;3S«, nmmitmf^m^m caitAPi 
«a^6txioo), *«a«ott*i«isb-r#tt«ft. 




[21) 96190145.4 



(BJ)H 1456 ^ 



*i *r * * * 



C : 0.05 0.10% 
Si : ^^it 0.6% 
Mn : 1.7 JJ 2.5% 
P : ^^it 0.015% 
S: it 0.003% 

Ni : 0.1 *J 1.0% 
Mo : 0.15 *J 0.60% 
Nb : 0.01 M 0.10% 
Ti : 0.005 *J 0.030% 
AI : ^^iiO.06% 
N: 0.001 *J 0.006%, 

*#^T*tfiifl^&*tf&B* 1.9*1 4.0 Ptetf^ 

*J 90%, 50- 100%6t^^^^^;^t-*"^-t^^it 5 » m : 

P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+(l+ P )Mo+V-l+ P ; 

% B < 3ppm »t P#.#L- 0, SB > 3ppm »t P#Ht-* 1 o 

B : 0.0003 M 0.0020% 
Cu : 0.1 *J 1.2% 
Cr: 0.1 *J 0.8%tf & 
V: 0.01 *J 0.10% o 



Ca: 0.001 *J 0.006% 

REM : 0.001 H 0.02%, « A 

Mg : 0.001 *J 0.006% o 

C : 0.05 i'J 0.10% 

Si : ^&it 0.6% 

Mn : 1.7 m 2.2% 

P : ^^i± 0.015% 

S: it 0.003% 

Ni : 0.1 n 1.0% 

Mo : 0.15 *J 0.50% 

Nb : 0.01 *J 0.10% 

Ti : 0.005 *J 0.030% 

Al : ^&i±0.06% 

B: 0.0003 m 0.0020% 

N : 0.001 n 0.006%, 

£ & # 3t;5l^Tig £ # , 

*#4£Tfc#itffl^3.£:5l#&8 £ 2.5 *J 4.0 ft P 

*J 90%,4fc*#&^50 *l 100%6^^^it*^;llt^-^A^-^^i±5 m m: 
P=2.7C+0.4Si+Mn+0.8Cr+0.45Ni+2Mo . 

5. — *MfL4fc#-*'J^£. 4 At faJkf&fcfr &tf&&A-^*!i R\ 

V : 0.01 n 0.10% 
Cr : 0.1 i'J 0.6%vU 
Cu : 0.1 *J 1.0% o 

6. — ft&%fa&fcttfrfcKfa&to&<4%&Jt s f-&.m^ft, &it-§r-$fr 



2 



C : 0.05 M 0.10% 
Si : 0.6% 
Mn : 1.7 #J 2.5% 
P : 0.015% 
S: ^^it 0.003% 
Ni : 0.1 $>\ 1.0% 
Mo : 0.35 n 0.50% 
Nb : 0.01 M 0.10% 
Ti : 0.005 i'J 0.030% 
Al: ^^itO.06% 
Cu: 0.8 M 1.2% 
N: 0.001 i'J 0.006%, 

*#^Ttf^&fl^^&5L 2.5 *| 3.5 ^P«LvM 

&3r*3K.fl^ JQ KKfrQLit *tt*^^f 20 
*J 90%,^^^&^50J»J 100%^^^^*^;^*^>^^^^i± 5 m m : 
P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+Mo+V-l 

7. — ^^M^H4^^6^7 A^^JkJ^>t^i^K^^^'^^^&A^^ 

Cr : 0.1 i'J 0.6%, v% %L 
V : 0.01 i'J 0.10% 

Ca: 0.001 *J 0.006% 
REM : 0.001 M 0.02%, 
Mg: 0.001 i»J 0.006% o 



ft W 45 



iJL»0^-^^Si^, *4i^»A(TS)i^* 950MPa *&2f 

*^.^T^^L%^i^:#-^^o^i»J*«>&>*^^^r(API)#^ X80(>&llL& 
511 MPa , 620MPa ) tf^- & ffi # 8 tat A * 

B#, £ X80 -f-HJB** M/i^^*' NKK 138 "t 

(1992)24-31 £>5lThe 7th Offshore Mechanics and Arctic Engineering 
(1988)$ 5 & 179-185 ^)^^Abi, e**lf T *-f*A S^Si ffl *±>* * 

689MPa, 4i 760MPa)ep*i^ AteflLo 

^Mi^fl**^*. ^4&&3^£(HAZ)6$*fl'l±> 'fct.^&lt^, 

4**t &;1JL ^ * 950MPa(^ii API # £ *S X100)o 

Mn(i^l.7%)S«, Ni-Nb-Mo-*L*Ti, J.*A4*laiR 

fe^^'MtiW^S^t^if 5 m m, 



P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+(l+ P )Mo+V-l+ P 
£ B<3ppm N" P £ B > 3ppm itf P tfL# 1. 

^ # JL ^ ^ ^ 6t Ni-Cu-Mo-Nb- & ^ Ti , (2) * .3. to * & ^ Jw * ft * *(-f 
*b&£LA-t**^5 n m 

>fiM£,ti Mn-Nb-Mo4P!it*tt^*--****it##-****^««**' 
#>Un#r&*», ^^-ii^S^-LffL^^X^ 750MPa . 

***U*****Mfft*#> Mttfi»*ft**#Atf 

Nb-Mo #ft*4M^*.*/ja ft.**/iSta^**^TftJfe«i 950MPa tf-L 

^«.*«4&'W*fl3lLflL, *ft*£ Nb-Mo *t**Tliitrfc>4* 

«fc#A*4tM*.»*lft* 3L% 950MPa S 
A*, T -*t#4*.tfJ:)lltf.. ft jlftS*Jft**5S^I*fl^**» 



C : 0.05 *J 0.10% 

Si: KM.&0.6% 

Mn : 1.7 M 2.5% 

P: 0.015% 

S: ^^it 0.003% 

Ni : 0.1 #J 1.0% 

Mo : 0.15 *J 0.60% 

Nb : 0.01 M 0.10% 

Ti : 0.005 $'\ 0.030% 

Al : 3^ it 0.06% 

N : 0.001 *J 0.006%, ?A%l 

&%&TfiV!m.m&K%-X6!>iL®% 1.9 fj 4.0 PAL-tiCK. 

*J 90%,^*^^^50*J 100%^^^«t*^;«.*^^-t^^it 5 n m: 
P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+(l+ 0 )Mo+V-l+ P ; 

3 £ B<3ppm N- P 0, I B > 3ppm N" P 1 «. 

(2) — *f-*M&$ ( 1 ) ^tf&t&&Bkftfrfc&&&to&Vlg>&£ J l-Vi 

B : 0.0003 *J 0.0020% 
Cu : 0.1 m 1.2% 
Cr: 0.1 *J 0.8%tf& 
V : 0.01 *J 0.10% 

(3) — *MMft£ ( 1 ) ( 2 ) *$Vi&%<&&Bktt*>4K t 

Ca: 0.001 *J 0.006% 
REM : 0.001 *'J 0.02%, 
Mg : 0.001 *] 0.006% 



(4) -~ft^fa&fcttfrfc%fa&to>&(4&&£^i&W^ft> 

C : 0.05 *J 0.10% 

Si : ^&it 0.6% 

Mn : 1.7 *J 2.2% 

P : *&3t 0.015% 

S : K&it 0.003% 

Ni : 0.1 M 1.0% 

Mo : 0.15 *J 0.50% 

Nb : 0.01 *J 0.10% 

Ti : 0.005 *J 0.030% 

Al : KM. it 0.06% 

B: 0.0003 *J 0.0020% 

N : 0.001 n 0.006%, « & 

■i-^*T«*&*«^A.3t3L«4JfcH*2.5«I4.0*4Ptt.«A 
*#*s>K.^ « jV**ft***L*******. * + 20 
*| 90%,3t*#&^ 50 *J 100% £*m*fc;&:fr#^-t^&*t 5 n m : 
P=2.7C+0.4Si+Mn+0.8Cr+0.45Ni+2Mo ; 

(5) .-ftfatez ( 4 ) ^^^^^^|g.Jrb^tt,^>l&S^'li^^S>lli"^ 

V : 0.01 *J 0.10% 
Cr : 0.1 &\ 0.6% #31 
Cu : 0.1 *] 1.0% 

^rt,^#: 

C : 0.05 *J 0.10% 
Si : 0.6% 
Mn: 1.7 *J 2.5% 



) 



P : KM.it 0.015% 

S : 0.003% 

Ni : 0.1 *J 1.0% 

Mo : 0.35 M 0.50% 

Nb : 0.01 M 0.10% 

Ti : 0.005 M 0.030% 

A I : ^^it 0.06% 

Cu: 0.8 H 1.2% 

N : 0.001 M 0.006%, 7L 

^^r^Td&^itffi^^^^^^S # 2.5 n 3.5^Pt«A 

5,*.>fr. 1Q ^^^^L*^ia^^^.«tM*R, *t^.*^^* 20 
*J 90%, 50 i'J 100%^ £^^l*^;«.^:^>^-t^^jt 5pm: 

P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+ Mo+V-1 

(7) ^^^^^ ( 6 ) ^^^^r^^iig.)rt^«.^#.S^.li6t^S^- ; PS. 

Cr : 0.1 *J 0.6%, «A 
V : 0.01 *l 0.10% 

(8) — *M£#£ ( 4 ) ( 7 ) ^*##.y£l£*t^toMft.fi&*t 

Ca: 0.001 *J 0.006% 

REM : 0.001 #\ 0.02%, # >?L 

Mg : 0.001 M 0.006% 

A £ ft H * £ m & # t* 48 s£ - 
IT *8^&#&& » 
#£*f.£:>^ 950MPa tf^^t&Ji, 

K.'fr, «.**5Mt-*iK;*. 20 *1 90%(i£.3>*.>fr/ 

19 Kfr lOi'i 80%)o £&l*t'fr^&*-f 90%N", S>*.#/J«l 



^**it0.05%N-J»«ff*IJ.^* 90%«4«.*#-^*. ) 

* 30 M 80%. te*.*.********. B***ft*#-*** 20 A 90%, 

S*r4t. a B'*fc^******* 

9*5, (separation) , 

A£****iMfe*r*-»i- ****** 

+» Jitf it, *£»«*#****** T Nb-Mo ****** MM* *■ 

^T^^il-9^> ******* **■ 

C^^-f^^J^ 0.05 * 0.10%o ^A4S^*&*###J2f * 
T £3ti£**ft Mt#**/*****t *#****»*.• *** 

0.10%o 



fefr Si 8 ¥)&0L%.*>$i&&JLo iS-*>^&&-3:itg), HAZfc>*Uv#, 
^T*f»ii^&^Ttf-o gjjfc, *_Lf|L^^ 0.6%o 48 tJft&i&ii* 1 ^ Ti 
Al 4LSt.£Ttf£flL, Si . 

JiaMn^f i^, 48#T#4t'l±4£.ij, H^^^l HAZ fcM4-«i J-#,%T# 
.fct^TI^, ^ 3L41i£i£##l4£# t '-^*r^^.*-^^4 S 4fl <l£ T ft o 
SA, -&_LffL&;$ 2.5%o t^Mnif^l.9*]2.1%. 

^^4^(Ni ) 9 ^^^iiB^M^^Sifi 5L^J^«.ft.S*J-lt*» 
«T*f'l£. Mn . CrfrMo*HS, Ni A£&*J A 

HAZ^-Ii. ^HAZfcMi^fc^-r, ##J#5fc**Ni 
*#*1^0.3%o te*:, X^Kikft** JL^fHfc HAZ fcr 

•|£**#,%T*f'l£o -hf££;$ 1.0%„ Ni £&4L.«i&# 

i£*Et^ Cu ^--^^l^^^o £i£*hHlr/X.T, ,Ni ^^Afai^i&Cu ^ 
f*§l/3. 

^ (Mo) *i*>AA^ T ^T>*4L'|i^L^^«r^^4«:/^>a^^ 
#)„ £i? Nb^-^-Bt, Mo S^-^#J^*J4L*Jii«t ^^^6t#^«#^it 
£ ^ ^'>"^*» 0.15%# Mo o ^^Aiif^Mo 

HAZ*J«li^flL%T^'Ii, £_tfll&;$ 0.6%„ 

£ >h fate&tLWtfjtt&ti 0.01 0.1%# Nb 0.005 J. 0.030%^ 
Ti ft % &ekit-fk o 

<2S Nb^*i^^Bt, *t HAZ to&fcVLfy^ $-K*\%*$> 0 gJA, * 

j-ffi^:^ o.io%o 

3— /F*, *»Att.(Ti)> t i*»'h TiN , *p#] 4«,Sb J*^*^* at 
HAZ t£*.#«&#&-4t, i*iL&.m.iSL&, HAZ 
&M±, ^ Al ^*'hBt(^^^-f 0.005%), Ti#j£.4HL4&, A <5J«.* 



*o A 0.005% &t Ti Ti ^*i±^Bt, TiN *-«.JLAi TIC itA*4aa* 
teSto-HTf*. B A. *-t».J£* 0.03%o 

te(AI)£4Rt te*»*AI^* 
^i#0.06%, lift, 45 3* *», l**,4««*&*£.. g);fc£_fc.te 

£#0.06%. l&4LTffl>fr>Tii£.Si£#., Al • 

*k(N)#* TiN , HAZ t-fc 

6:001%, ftSNtfi^Bt, N ilA^>R,«^*4fe^, *BB*N^ft 
HAZ*»*fcT*. £ itetefH St*/ 0.006% o 

*• 3 >K p *» s ^^*-^«l».«i*^-*.-f 

0.015%*» 0.003%o ^Ail^TL^^i^S fit & 

HAZ tfteStott. I^P*******^*^** 1 **-* 

B : 0.0003 .£ 0.0020% 
Cu : 0.1 2- 1.0% 
Cr : 0.1 2 0.8%, 
V : 0.01 2 0.10% 
Ti&^Jlf^^^B. Cu > Cr . V. Ca > Mg^Y*§B*5. 

jfl ^ SAWt, B 4**1 HAZ + HAZ *» 

* B ****** 0.0003%o & 0.0020%, B-*44t-^*# 

^*r*, -^&#,fifcM£*tTfc, 0^, *>A*£& 0.0003 £ 0.0020% # & 



0.1%o §^>^*i±^Bt, Cu ^^-^^S>Xit^4t^?l^^^^r^^ HAZ 
fcj.|£6$T#, ff^&^XBt/^ Cu Ho ®*t, &XJ%tiL%L% 1.2%c 

^(Cr)-H^^ESi. is^Afir^'JifW HAZ to 
T^«lic Cr ^*^_tfB-te# 0.8%, ^Af 0.1%»UT>i'J^ 

ffl, &Tf?-te£# 0.1%„ 

V ^^W>f^^, A Nb^ V^^^^A^^j^na^^|L#.|i£^ ^ A„ 

0.01%, ^&#*JXi£^flo SATtete&;$ 0.01% o M. HAZ 
%j.|£;l#,%T*f •fet^* XteteT 0.10%, 0.03 £ 

0.08% c 

Ca : 0.001^ 0.006%, 
REM: 0.001 j£ 0.02% 

Mg:0.001 £ 0.006%, «>?L 

Y : 0.001 .£ 0.010% 

Tfi^fff^ACa, REM. MglY^S*„ 

Ca REMisftJJ&tt^MiiS)^^ 
3£t ^'A teA, £ Ca & REM 0.001 %H >13T £ I*#Jf) , 

rb-koZL Ca ^Jr^it 0.006%i£. REM ^*&i± 0.02%Bt, 
CaO-CaS i*. REM-CaS , /* it * J*:* & . ii*^<>l ?l 

%&6 < )Tt$3-H2L%! 7 TPf-'&*i**)%<*i° HA, Ca REM *»A*^Jifll 
te^#]^5t# 0.006%:£ 0.02%o i3>h ^^^Sif ^Iflf t, #S**0 
**^#J 0.001%^ 0.002%^ ESSP=(Cu) [ 1-124(0)] /1.25S fl 
7H& 0.5 < ESSP < 10.0 #*J^T^o " ESSP " — ia-jA 



A^*4l4t#*fttefi*J4£Tft-. HA, 
Mg&.OOl J. 0.006%A YrO.OOl J. 0.010%o S*»AMg*-Y N",' 

Al 0.005%. 

P=2.7C+0.4Si+Mn+0.8Cr+0.45(Ni+Cu)+(l+ P )Mo+V-l 

S^t^MoBt, 1.9 < P < 4.0, 
■fr'&tio T B, S'l 2.5 < P < 4.0, 
1 i^t^^^T Cu, S'J 2.5<P<3.5 o 

ii^L^ T£&j£&A^S40<l£<^#r^N-^frte HAZ 
%T*F<!±. P teTteJt* 1.9 a'JEffi^* 950MPa 6$ 3& 
St»'lio P te-hfH£# 4.0 tf##tt.fL65 HAZ*9'li^*%T^'lio 

& *. £ »8 t , — * * C- ^ Mn-Nb-V-Mo-Ti * 48 , — # Ni-Mo-Nb-& 
* fi-&* B ^^^L — ft Ni-Cu-Mo-Nb-&* Ti J.'* ^.#-^.3- 

&,££«flt, 4««irfc****&-£ 950 .£ 1300 TC«*fi£.fcS, 
i£*f&&, iS)LJ&*.^*-f 950 T:«»'aAT*^*.«^THii^* 50%. £ 
Ar 3 * JL Ar, *. 41 (SJ 6* ft. * - * * * « * & X ^ *] JS. T * * 1 0 * i 70% , 
tf,ill5£50%, fcfc^jtfiji* 650 i 800t:. &*lfc£2\t^ 
• ii.«5^* 10 €/#^^^pit>l^^P^^^-f 500 TC^^^fi^o 

*q££# 0 1300 t:^t:^^ifeN-*^4^Afe.^*-«.«5ifS.'fi'Ao £ — 



$$t*>&'£.ATfc7t% 950 t:„ 

T*t.£:>-37 50%, £ Ar 3 £ Ar, Ailfel Vj% i+JkTKA 10 5. 70%, 

% 15 i 50%, *&&^oLi£>!# 650 £ 800 C „ # 950 t:«T^^^ 

^^Tff?-*J^i^ 5O%tf>£0^#>££^##^&£^* L *J> 

950 T^^S^i^ffl't^^^t^*^^^ 
tffcM£„ 0Jt, ^.?i+iiT*5.^^-^ 50%(?-H-^T*^#A^T^^, 

£70%, JL^*L^oLS^ia^ 650 £ 800 TCo it T i& — * *w4t-k 

i£ # * £ & N- ^ % £ £ -f at-fr • 

Zmte&JllitlLM&TH&T 50%nt, ^^^L|l4l^^^^, *MX£ 

^^^il^^tfe^*Jtt.^6t^fi*»^o afc-SjUfc-f 650 t:, .*» 

Xit^am^^'fLsUll&^o **Tf*.*:* 650 TC„ 

jtiS&.tjf- 800 "C, £^#fe&^4t^&#&£3L*# 0 

B^, ^^L^aLS^^JintriL^:^ 800 -c„ 

&4LSl.j£.;6, 10iC/#^^#i4^T^# 
iL>&^- 500 x: ^^*S^„ £*£Bfl*54«t, 

io v/v >#j&J?i£AT&J?£&T 500 x: AM.-}' 10 t:/#*$* 

4i m vj -f- # ^ tfe # # # & * o 



\ 1 



• 1 



VX T % & H * £ *ft % & 

<r#» i > 

4-#4L^^.^6t^«»a^^r^«.^^ig:ft.^(^fe: 50kg, 240mm 
«^%^&£#i£*(240mm *)*-/ t o m &ftT&&&.J9-Jk 

M; 15 £ 32mm 6*^*1, T 

TSMO^T-S^H'^iS.&^^fe: vE^», 50%«f £ fii: 

vTrs)o 

HAZ 4» -|i(-20 TCT«^^.^^-A>|4:lfe vE. 2 o) ii.it «*l HAZ 5t 
1400 TC, 800 TCi 500 TC^^pet^ [Atgoo-soo 1 : 25 # )o 
: j^^T^-!ii£^*^^5t \ r>9tv%.&n$L J &£: ( JIS G3158 ) t 

*Ut8>£ lOOMPa , &#TA: 0.5KJ/mm , if #^4^^^:: 3cc/100g 

tefito-fctaS + flt-, HAZ ^•li^Lflt^T^'lio >taA, *t *t 4« #r # «!± ffc »fi 

#-f 9 C *it^, HAZ if^Htffi 

13-f-^tQ^^Nb, ik*^***-* *, A*- 

te^£fcM£jL„ 14 -f 48 t 0 S jMt£>4*» HAZ tf#.fifcM*# 
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